Kalatzis-Sousa NG, Spin-Neto R, Wenzel A, Tanomaru-Filho M, Faria G. Use of micro-computed tomography for the assessment of periapical lesions in small rodents: a systematic review. International Endodontic Journal, 50, 352-366, 2017. This systematic review aimed to evaluate the literature on the acquisition-, reconstruction-and analysis parameters of micro-computed tomography (micro-CT) for the assessment of periapical lesions in rats and mice, and to illustrate the effect of variation in these parameters. The PubMed database was searched from 2000 to January 2015 (English-language publications) for reports on the use of micro-CT to evaluate periapical lesions in rats and mice. QUADAS criteria were used to rate the quality of the studies. To illustrate the effect of variations in acquisition-, reconstruction-, and analysis parameters on images of periapical lesions, micro-CT examination of two hemimandibles of mice, with periapical lesions around the first molar was undertaken. Twenty-one studies were identified, which analysed periapical lesions in rats or mice using micro-CT. According to the QUADAS, no study was classified as high-, seven were classified as moderate-, and 14 as low quality. The effect of variation in parameters was that voxel size may interfere with image sharpness, reconstruction may interfere with image sharpness and contrast, and inadequate plane orientation may alter the size of the periapical lesion. Nonpersonalized ROIs resulted in areas that were not part of the periapical lesion. Changing the limits of the threshold for bone-tissue visualization increased lesion size. There is no defined protocol for acquiring and analysing micro-CT images of periapical lesions in rats and mice. Furthermore, acquisition-, reconstruction-and analysis parameters are not adequately explained, which may compromise the scientific impact of the studies.
Introduction
Periapical lesions are caused by bacterial invasion of the root canal system (Ricucci & Siqueira 2010) , which results in inflammation, leading to destruction of periapical tissues (Stashenko et al. 1998 , Nair 2004 . Rats and mice have been widely used in studies assessing the pathogenesis and development of experimentally induced periapical lesions (Sousa et al. 2014 . In such animal models, periapical bone resorption may be validated by histological evaluation (Sun et al. 2014) , conventional and digital radiography (Teixeira et al. 2011) , and by means of micro-computed tomography (micro-CT) (Rittling et al. 2010) .
However, digital and conventional radiographic examinations are not entirely suitable for imaging of teeth in rats and mice, due to their small size and specific jaw anatomy. Histological evaluation is considered the gold standard for assessing periapical lesions (von Stechow et al. 2003) . Nevertheless, this method is time-consuming and leads to sample destruction (Balto et al. 2000) .
Micro-CT may therefore be an important tool for research involving periapical bone lesions in small animals (von Stechow et al. 2003) . It provides highresolution images (Cavanaugh et al. 2004) and permits the assessment of periapical lesions in a multi-planar fashion (von Stechow et al. 2003) . Micro-CT provides two-(2D) and three-dimensional (3D) images of the sample , and is noninvasive (Balto et al. 2000) . Several studies have used micro-CT to assess the area and volume of periapical lesions in rats and mice (Kang et al. 2013 . According to the literature, micro-CT images can be used to evaluate periapical bone destruction, providing results, which are equivalent to those assessed by means of histology (gold standard) (Balto et al. 2000) . Micro-CT has thus been considered an important diagnostic validation method for studies based on small-animal models (Schambach et al. 2010) . However, there is limited information in the current literature on the standardization of important parameters, which must be selected before the micro-CT examination, such as data acquisition and reconstruction, and the eventual analysis of the images for periapical lesion assessment. This may lead to inaccurate measurements (area and volume) of the periapical lesion, compromising the scientific impact of the findings.
To provide an overview of the literature, the main objective of this study was to conduct a systematic review regarding the acquisition-, reconstruction-and analysis parameters of micro-CT for the assessment of periapical lesions in rats and mice. A secondary objective was to illustrate the effect of variation in these parameters (voxel size, smoothing filter, beam-hardening correction, grey-scale data set adjustment, orientation plane, region-of-interest (ROI) and threshold for bone-tissue visualization) on images of two hemi-mand ibles of mice, with periapical lesions associated with first molars.
Review

Literature search and systematic review
An electronic literature search included the PubMed database from 2000 to January 2015 for reports on the use of micro-CT for the evaluation of periapical lesions in rats and mice. The search was limited to studies written in the English language and studies that measured periapical lesion using micro-CT. In the keyword search, the following combinations were used: ("periapical lesion (s)" OR "periradicular lesion (s)" OR "periapical periodontitis" OR "periapical bone destruction" OR "periradicular bone destruction" OR "endodontic pathology") AND (mice OR mouse OR rat) AND (lCT OR micro CT OR micro-CT OR microtomography OR "microCT scan" OR "microcomputed tomography" OR "micro-computed tomography" OR "micro-computed tomographic"). A flow diagram that summarizes the studies selection process according to the PRISMA statement was created (Moher et al. 2009 ).
Studies, which measured periapical lesions in rats and mice by micro-CT, qualified for inclusion. Data extraction included information regarding the (i) quantity and species of the animals, (ii) parameters for image acquisition (voxel size, kilovoltage, current, filter thickness and type, rotation, rotation step, exposure time, scanning time and frame averaging), (iii) parameters used for image reconstruction (smoothing, ring artefact reduction, beam-hardening correction and grey-scale data set definition), (iv) parameters used for periapical lesion analysis (orientation plane, plane used for measurement, ROI definition, threshold for bone-tissue visualization, measurement of area or volume of the periapical lesion), and (v) use of a reference method considered as the gold standard.
Each included study was classified as of high, moderate or low quality, based on the QUADAS criteria (Whiting et al. 2003) . All evaluated items are shown in Table 1 . All studies were screened by three reviewers, and data extraction was verified separately by all authors.
Illustrating the effect of variation in acquisition-, reconstruction-and analysis parameters
Due to the lack of standardized information regarding the micro-CT method in the selected studies, parameters with reference to acquisition (voxel size), reconstruction (smoothing filter, beam-hardening corre ction and grey-scale data set), and analysis (orientation plane, ROI definition and threshold for bone-tissue visualization) of the images were changed in some illustrative samples, to show the effect on lesion display in the micro-CT images.
Obtaining the specimens
To allow the acquisition of images in which the variation of these parameters could be shown. Periapical lesions were induced on the right mandibular first molars of two mice (C57BL/6 wild-type, 8 week-old, male, weighing 23 g), according to the technique described by Sousa et al. (2014) . Following the induction, a period of 14 days was used for the periapical lesions develop. The animals were then euthanized using anaesthetic overdose, and the right hemi-mandible specimens were resected and preserved in 10% formalin solution. This protocol was approved by the University's Animal Research Ethics Committee under protocol number 45/2014.
Variation of acquisition parameters (voxel size)
Volumetric micro-CT data acquisition of the mouse hemi-mandible specimens was performed in a SkyScan 1176 unit (SkyScan 1176 in vivo, Skyscan, Kontich, Belgium), using a 0.5 mm aluminium filter, exposure time of 300 ms, scan time of 50 min, rotation of 180°, frame averaging of 3, rotation step of 0.5°, kilovoltage of 80 kV, current of 300 lA and diverse voxel sizes (35, 18 or 9 lm).
Variation of reconstruction parameters (smoothing filter, beam-hardening correction and grey-scale data set)
The acquired micro-CT volumes were exported to NRecon software (Skyscan) and reconstructed using "adequate" (as suggested by the manufacturer: 1% smoothing filter, 0% beam-hardening correction, 1% ring artefact reduction and grey-scale data set of 0.000-0.091); and "inadequate" (from subjective image observation: 5% smoothing filter, 100% beam-hardening correction, 1% ring artefact reduction and grey-scale data set of 0.024-0.155) parameters.
Variation of analysis parameters (orientation plane, ROI definition, and threshold for bone-tissue visualization)
After reconstruction, the images were oriented "adequately" (standard orientation plane) or "inadequately" (changed orientation plane) tilted in the axial, coronal and sagittal planes. To obtain the standard orientation in the sagittal plane, the cervical opening of the mandibular first molar distal canal and apical foramen were aligned with the X-axis, while in the coronal plane, the long axis of the distal root was aligned parallel to the Z-axis. In the axial plane, the mesial and distal root canals of the first molar were aligned with the Z-axis, keeping the two canals parallel to it. The Y-axis was not used for orientation. Irrespective of orientation, the coronal, sagittal and axial planes are kept perpendicular to one another. Changes in orientation of sagittal, axial and coronal planes were done to obtain images with "inadequate orientation". To achieve this "inadequate orientation", each plane was tilted 30 degrees from the previously defined adequate orientation, one plane at a time.
The images in the sagittal plane with standard orientation were exported to CTAn software (Skyscan, Kontich, Belgium) , and the effect of diversely shaped ROIs (rectangular, polygonal, round and personalized), threshold range and upper limit (0/40, 0/50, 0/60, 0/70) on the visualization of the periapical lesion was shown.
The images obtained with diverse voxel sizes, reconstruction parameters, orientation planes, ROIs and threshold range were saved in BMP format to illustrate the variation of these parameters on images of a periapical lesion.
Results from the systematic review
The search strategy yielded 127 publications in PubMed. The initial screening of the studies was Table 1 Assessment of study quality according to QUADAS
High quality
The description and the sample selection were clearly described? (QUADAS items 1, 2) The gold standard was present? The method was used for all samples regardless of the results? (items 3, 4, 5 and 6) The index test is not part of the gold standard? (item 7) Was the execution of the index test described in sufficient detail to permit replication of the test? (item 8) Was the execution of the reference standard described in sufficient detail to permit its replication? (item 9) Evaluators were blinded to results of micro CT test and gold standard? (items 10, 11) Moderate quality Studies which did not fit the high quality criteria, but included a gold standard Low quality Studies which did not fit the moderate quality criteria
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conducted using their titles and abstracts, but when these were unclear, the full text was read. The reviewers evaluated independently the studies, and the results were discussed among them. Figure 1 details the search strategy. Screening yielded 22 citations, which potentially met the inclusion criteria, but one study was excluded because it had not measured the periapical lesion (Wei et al. 2013) . Therefore, 21 studies were selected using micro-CT to evaluate periapical lesions, 18 in mice and three in rats. Sample characteristics in the selected studies are shown in Table 2 .
As regards the acquisition parameters, the type of filter (e.g. Al) was cited in two studies (Oseko et al. 2009 , Sousa et al. 2014 , however, only one reported filter thickness (e.g. 0.5 mm) (Sousa et al. 2014) . Six studies cited the voltage used (Balto et al. 2002 , Oseko et al. 2009 , Sousa et al. 2014 , Sun et al. 2014 , de Oliveira et al. 2015 , and four stated the current (Oseko et al. 2009 , Sousa et al. 2014 , Sun et al. 2014 ). Three of these four studies, which reported the current, did it using the incorrect unit -milli-amperage (mA) instead of micro-amperage (lA). This is probably due to typo-errors not noticed by the peer-reviewers (Sousa et al. 2014 , Sun et al. 2014 . Four studies described the total time of scanning (Balto et al. 2000 , 2002 , von Stechow et al. 2003 , de Oliveira et al. 2015 , three the exposure time (Sousa et al. 2014 , Sun et al. 2014 ; and 18 specified the voxel size, which ranged from 10 to 37 lm (Balto et al. 2000 , 2001 , 2002 , Sasaki et al. 2000 , 2004 , von Stechow et al. 2003 , Foschi et al. 2006 , Leshem et al. 2008 , Oseko et al. 2009 , AlShwaimi et al. 2013 , Gao et al. 2013 , Kang et al. 2013 , Ma et al. 2013 , Sousa et al. 2014 , Sun et al. 2014 , Tang et al. 2014 , de Oliveira et al. 2015 .
The reconstruction parameters such as smoothing filter, beam-hardening correction, ring artefact reduction, and grey-scale data set were not specified in any of the 21 studies selected for this review. Sixteen studies mentioned at least one parameter used for the analysis of the periapical lesions (Balto et al. 2000 , 2002 , Sasaki et al. 2000 , von Stechow et al. 2003 , Foschi et al. 2006 , Leshem et al. 2008 , Oseko et al. 2009 , Rittling et al. 2010 , McAbee et al. 2012 , Gao et al. 2013 , Kang et al. 2013 , Sousa et al. 2014 , Sun et al. 2014 , Wan et al. 2014 , de Oliveira et al. 2015 . Only one study mentioned the orientation of the micro-CT images (Kang et al. 2013) . Twelve studies used the sagittal plane for the measurement of periapical lesions (Balto et al. 2000 , Sasaki et al. 2000 , von Stechow et al. 2003 , Foschi et al. 2006 , Leshem et al. 2008 , Oseko et al. 2009 , Rittling et al. 2010 , McAbee et al. 2012 , Gao et al. 2013 , Kang et al. 2013 , Sousa et al. 2014 , Wan et al. 2014 , four studies used the axial (Balto et al. 2002 , von Stechow et al. 2003 , Oseko et al. 2009 , Kang et al. 2013 , and one used the coronal plane (Oseko et al. 2009) . Two studies mentioned the use of a type of ROI denominated "automatically selected" (Sun et al. 2014 ; and another the use of "semiautomatic contouring algorithm" (von Stechow et al. 2003) , both without defining these terms. One study mentioned the use of a "contouring tool" (Gao et al. 2013) for selecting the region of interest and another described an "elliptical" ROI (de Oliveira et al. 2015) . Four studies mentioned the use of "global thresholding" and "fixed thresholding" (von Stechow et al. 2003 , Gao et al. 2013 , Sun et al. 2014 , however, no study actually defined the threshold range or upper limit used.
Information about image acquisition and analysis protocols in the selected studies are shown in Tables 3 and 4 , respectively. Based on analysis of the QUADAS criteria, no article was classified as of high quality, while seven were considered of moderate quality (Balto et al. 2000 , 2002 , von Stechow et al. 2003 , Sousa et al. 2014 , Sun et al. 2014 , Wan et al. 2014 , and 14 were considered to be of low quality (Sasaki et al. 2000 , 2004 , Balto et al. 2001 , Foschi et al. 2006 , Leshem et al. 2008 , Oseko et al. 2009 , Rittling et al. 2010 , McAbee et al. 2012 , AlShwaimi et al. 2013 , Gao et al. 2013 , Kang et al. 2013 , Ma et al. 2013 , Tang et al. 2014 , de Oliveira et al. 2015 .
Results from the illustrative sample Acquisition parameters Figure 2 shows images of the right mandibular first molar region in one of the mice specimens, acquired using voxel sizes of 35, 18 and 9 lm. Subjective nd, no data.
Micro-CT of periapical lesion in small rodents Kalatzis-Sousa et al. evaluation of these images reveals that the larger the voxel size, the lower the sharpness of the reconstructed image. Figure 3 shows the result of applying "adequate" and "inadequate" reconstruction parameters to one of the mice specimens. When the values for parameters such as smoothing filter, beam-hardening correction, and grey-scale data set are inadequately selected, there may be distortion of the object margins, presence of radiopaque artefacts, altered contrast of the image, and alteration in the assessed size of the periapical lesion. Figure 4 shows the orientation applied to one of the mice specimens, using the X-and Z-axes to obtain the desired positions (standard orientation) in the three planes. Figure 5 shows how the "inadequate" orientation of each of the planes interferes with the size of the periapical lesion. One should notice that when the position of the sagittal plane was altered, the Figure 3 Images of the right mandibular first molar of a mouse specimen after the use of "adequate" reconstruction parameters (a), and images with distortion of edges, presence of radiopaque artefacts and increased aspects of the periapical lesion, due to "inadequate" correction of the parameters smoothing filter (b), beam-hardening (c) and grey-scale data set (d), respectively.
Reconstruction parameters
Analysis parameters
(a) (b) (c) (d)
periapical lesion increased in size in the coronal and axial planes. Alteration in the axial plane increased the periapical lesion size in the sagittal and coronal planes. When altering the coronal plane this led to increase of the lesion in the axial plane and reduction of the lesion in the sagittal plane. Figure 6 shows the diverse shapes of the ROI and the impact on the measurement of a periapical lesion. One should notice that the rectangular, polygonal and round ROIs include structures that do not form part of the periapical lesion, such as the periodontal ligament, root pulp and medullary region, while the personalized ROI delineates only the periapical lesion. Figure 7 exemplifies the use of diverse threshold values. One should notice that, as threshold range widens and upper limit increases (0/40, 0/50, 0/60, 0/70), the size of the periapical lesion also increases, which may lead to an incorrect assessment.
Discussion
The parameters used in the various stages of micro-CT image acquisition, reconstruction, and analysis may have a direct influence on the final characteristics of the image (van Vlijmen et al. 2011) and on the outcome of analyses. However, in the literature, the description of these parameters is scarce, and they seem to have been set almost arbitrarily, when micro-CT imaging was used for the evaluation of periapical lesions in rats and mice.
Most of these parameters are already well known for the users of other 3D imaging methods (e.g. the plane orientation issue in micro-CT-evaluation dedicated software is somewhat similar to that of CT-and CBCT-evaluation dedicated software), but others, such as frame averaging (regarding image acquisition), ROI definition and the threshold for bone-tissue visualization range and limits (regarding image analysis) are specific to micro-CT.
As can be seen from the results section, of the 21 studies included in the current literature review, only 18 cited at least one of the parameters selected for image acquisition (Balto et al. 2000 , 2001 , 2002 , Sasaki et al. 2000 , 2004 , von Stechow et al. 2003 , Leshem et al. 2008 , Oseko et al. 2009 , AlShwaimi et al. 2013 , Gao et al. 2013 , Kang et al. 2013 , Ma et al. 2013 , Sousa et al. 2014 , Sun et al. 2014 , Tang et al. 2014 , de Oliveira et al. 2015 . Among the parameters, the voxel size, kilovoltage, current, scanning time, exposure time and filtering settings were those most commonly listed.
The voxel size is defined by its height, width and depth, and the voxels in micro-CT imaging are generally isotropic (the dimensions X, Y and Z are equal) (Hatcher 2010 , Depalle et al. 2013 . The voxel size of an image in 3D is equivalent to the pixel size in 2D images (Spin-Neto et al. 2013) . The structural details of a tomographic image are directly related to the voxel size (Yeni et al. 2005 , Spin-Neto et al. 2013 . The smaller the voxel size, the higher the resolution of the image (Ballrick et al. 2008) . Small voxel sizes generate more sections and consequently, more precise extraction of data (Chadwick & Lam 2010 , SpinNeto et al. 2013 . Smaller voxel sizes will also lead to less severe superimposition of anatomic structures (Spin-Neto et al. 2011). As was subjectively assessed in the present study, voxel sizes of 9 and 18 lm lead to better resolution and sharpness of the images than a voxel size of 35 lm. One could speculate that, due to the fact that in the images acquired with a voxel size of 35 lm, the bone and root margins are less sharply displayed, variations in periapical lesion measurements could be the result.
On the other hand, tomographic images acquired with smaller voxels demand a longer scanning time Moreover, kV, current, filter (Ludlow et al. 2006 , Palomo et al. 2008 , rotation (Lennon et al. 2011 , Cook et al. 2015 and rotation step (Willekens et al. 2010 ) may also influence the radiation dose. In tomography, the lower the kV and current values, (a) (b1) (b2) (b3)
(e1) (e2) (e3) Figure 6 Image of the original periapical lesion in the right mandibular first molar of a mouse specimen (a). Illustration of the use of rectangular (b1), polygonal (c1), round (d1), and personalized ROIs (e1) involving the periapical lesion of the distal root. Area selected by the diverse ROIs (b2, c2, d2, e2, b3, c3, d3, and e3) involving the periapical lesion and areas that do not form part of the lesion, such as the periapical ligament of the second molar (blue arrow -b3 and d3), root pulp (yellow arrow -b3, c3, and d3) and medullary region (red arrow -b3, c3, and d3).
the lower the radiation output (Ludlow et al. 2006 , Palomo et al. 2008 , increasing image noise (Zarb et al. 2015) . Filtering during acquisition is directly connected with kV and current. Thicker filters are related to increased kV and current, as well as longer scanning and exposure times. The use of a copper filter, as an example, reduces the radiation dose by approximately 14% (Palomo et al. 2008) .
Regarding X-ray tube rotation during scanning, this can be partial (180°) or complete (360°). For cone beam computed tomography (CBCT), complete rotation leads to longer exposure time, radiation dose, higher image resolution and number of sections (Lennon et al. 2011 , Cook et al. 2015 . The literature states that the use of a partial rotation (180°) can lead to 50-73% radiation dose reduction compared to a complete rotation (360°) (Cook et al. 2015) . However, both 360°and 180°CBCT rotation geometries may yield similar accuracies in the detection of artificial bone lesions (Durack et al. 2011 , Lennon et al. 2011 . No information regarding this parameter for micro-CT images was found in the literature. It is important to mention that, while for CBCT the X-ray source rotates, in micro-CT the sample is rotated while the X-ray source is static, which could lead to differences among the two imaging methods regarding rotation geometry (Bouxsein et al. 2010) . Regarding the rotation step, it is known that it is inversely proportional to image resolution (Abudurexiti et al. 2010 , Willekens et al. 2010 , Sharir et al. 2011 . However, this involves the same previously cited examination dynamics (higher exposure time, radiation dose, image resolution and number of sections) (Willekens et al. 2010) . Concerning frame averaging in micro-CT imaging, this refers to the number of times each section (image projection) is repeated when the final 3D data set is constructed as a tomographic volume (Bouxsein et al. 2010) . The only information available in the literature refers to the fact that image noise can be reduced by increasing frame averaging, but this comes at the trade-off of a longer scan time with higher radiation exposure (Bouxsein et al. 2010 , G€ otzinger et al. 2011 , SkyScan 2011 .
In this review, differences in kV, current and scanning time values were observed in the included studies, as well as the absence of information on filter, rotation, rotation step, frame averaging and exposure time, in all or a large portion of the articles. After the acquisition process, the images need to be reconstructed, using the parameters beam-hardening correction, ring artefact reduction, smoothing filter, and grey-scale data set definition with the purpose of reducing or eliminating artefacts/noise present in the acquired images (Van Geet et al. 2000 , Van Geet & Swennen 2001 .
Beam-hardening occurs when the X-ray beam passes through a high-density object, promoting the appearance of radiopaque areas that are truly nonexistent in the object (Schulze et al. 2010 , Naranjo et al. 2011 . Ring artefacts are ring-like structures caused by inadequate calibration of the detector; however, perfect calibration is not always possible, thus producing these artefacts (Kyriakou et al. 2009 ). In micro-CT, ring artefacts may dramatically increase when increasing image resolution, since this would increase the effects of a nonoptimal unit calibration (Sijbers & Postnov 2004) . Smoothing serves to soften the edges of the voxels (Lee 1983 , Huang et al. 2012 . It will maintain the shape and clarity of the edges (Lee 1983) smoothing out the interface between two tissues (Boyd & M€ uller 2006) . The grey-scale data set is used to correct contrast, allowing visualization of the different levels of grey (Philips 2000) .
Information about the values of these parameters must be reported, because they could improve or impede visualization of the images and consequently affect the evaluation and measurement of structures. Moreover, when these values are not stated, this may make it difficult to reproduce the methodology. In this review, none of the selected articles reported the reconstruction parameters.
Orientation of the reconstruction image planes may influence the analysis of periapical lesions, as shown in our illustrations. Depending on orientation, "inadequate" images may be created (Spin-Neto et al. 2011) , which may show a larger or smaller periapical lesion than the true size. In this review, only one article had described how the micro-tomographic images were oriented (Kang et al. 2013) . In that study, the long axis of the distal root of the mandibular first molar was used as reference, keeping the coronal and sagittal planes parallel. Periapical lesions may be measured in the coronal, axial and sagittal planes. The majority of the articles used the sagittal plane (Balto et al. 2000 , Sasaki et al. 2000 , von Stechow et al. 2003 , Foschi et al. 2006 , Leshem et al. 2008 , Oseko et al. 2009 , Rittling et al. 2010 , McAbee et al. 2012 , Gao et al. 2013 , Kang et al. 2013 , Sousa et al. 2014 , Wan et al. 2014 and only four used the axial and coronal planes (Balto et al. 2002 , von Stechow et al. 2003 , Oseko et al. 2009 , Kang et al. 2013 . However, it is unknown whether the plane used to measure affects the outcome of the periapical lesion volume.
Periapical lesions may be measured as area in two planes (Balto et al. 2000 , 2001 , 2002 , Sasaki et al. 2000 , 2004 , von Stechow et al. 2003 , Foschi et al. 2006 , Leshem et al. 2008 , Rittling et al. 2010 , McAbee et al. 2012 , AlShwaimi et al. 2013 , Sousa et al. 2014 , Wan et al. 2014 , de Oliveira et al. 2015 or volume (von Stechow et al. 2003 , Oseko et al. 2009 , Gao et al. 2013 , Kang et al. 2013 , Ma et al. 2013 , Sun et al. 2014 , Tang et al. 2014 , de Oliveira et al. 2015 . For the measurement of area, sections from the central region of the root, which simultaneously show the coronal, middle and apical thirds of the root, apical foramen and alveolar bone, are generally used (Sousa et al. 2014) . According to Spin-Neto et al. (2011) , the ideal is to measure the volume and not the area of the object, because measuring the area of the central part of the object may lead to incorrect results, due to irregularities in the shape of the object.
To measure the volume of the periapical lesion, the ROI and threshold values must be selected. However, no article clearly explained how these two parameters were set. The ROI definition in micro-CT dedicated software is normally accomplished by using predetermined shapes (e.g. squares, rectangles, circles), which will delineate the region-of-interest in each 2D section of the micro-CT data set and further will be combined to provide a volume (e.g. cube, cylinder, sphere). However some ROI shapes, such as the rectangular, square, elliptical, round and polygonal may include areas beyond the periapical lesion, such as the periodontal ligament, root pulp or medullary region, as has been illustrated. This may compromise the true periapical lesion size. On the other hand, the personalized ROI allows manual delineation of the periapical lesion and probably provides a more accurate size of the periapical lesion.
Regarding the threshold for bone-tissue visualization, it is important to define, first, that such threshold refers to the conversion of a micro-CT image to a binary image showing only what is and what is not to be interpreted as mineralized tissue. In other words, the threshold is a type of "filter" applied to obtain a binary image. Thresholds are normally described as a range of grey-values. This range is used to define the threshold of what should not be considered at all in the analysis (values below the lower limit of the range), and what is/is not to be considered as mineralized tissue (values above the upper limit of the range, e.g. bone, and values located within the range limits are considered to represent other tissues, e.g. soft tissues). A threshold range is based on the grey-scale distribution (Grauer et al. 2009 ), which may range from 0 (black) to 255 (white) (Philips 2000) . The outcome (binary) image presents areas with grey-values within the range of the binary threshold selection in white, while the areas outside this selection will be shown in black. Diverse thresholds may be applied to distinguish various mineralized tissue densities (Grauer et al. 2009 ). However, no software predefines specific values for different types of tissues (Spin-Neto et al. 2011) , such as enamel, dentine and bone. Therefore, an operator-selected threshold must be able to represent the true size of the study object in the binary outcome image, and must take the reconstructed image as a basis (Schlueter et al. 2008) . The most widely used technique for threshold definition is "global thresholding", and it is based on histogram analysis, in which a Hounsfield unit value is chosen, and voxels above this value are marked as bone (Waarsing et al. 2004) . One could also speculate on the possibility of working not using merely binary images, but also including intermediate intervals in the predetermined range to be able to differentiate among more than one type of mineralized tissue (e.g. bone, enamel, dentine) in the assessment. No studies were found that mentioned this possibility.
Therefore, it can be affirmed that no article provided a complete protocol for image acquisition, reconstruction or analysis of periapical lesions in small animals. According to the QUADAS criteria, no article was classified as high quality, and the majority was classified as being of low quality. The main reasons were the lack of information with regard to the parameters used in image acquisition and reconstruction, and in periapical lesion analysis, in addition to the lack of histological analysis (gold standard).
Future articles should provide a detailed description of the micro-tomographic parameters used for obtaining the images and analysing periapical lesions in small animals.
Conclusion
From the assessed studies, it is clear that there is no defined protocol for acquiring and analysing micro-CT images of periapical lesions in rats and mice. Furthermore, acquisition-, reconstruction-and analysis parameters are not adequately explained, which may compromise the reproducibility and the scientific impact of the studies.
